Two studies investigated recognition of pictures of faces, focusing on the effects of changes in appearance of the face from presentation to test and type of processing or encoding. Experiment 1 demonstrated that (a) previously seen faces changed in pose and facial expression were discriminated from "new" faces essentially as well as pictures identical at presentation and test; (b) major changes in the appearance of a face ("disguises") reduced recognition almost to the level of chance; and (c) subjects encoding faces in terms of personality characteristics showed better recognition performance than subjects whose processing was based on physical, facial features. Experiment 2 expanded on result (b), utilizing photographs with systematic variations in pose and in the presence/absence of glasses, wig, and beard. The design required subjects to learn names for target faces and then to identify those targets in a series of test photographs. The manipulations of pose and disguising features produced effects on probability of identification that were orderly and dramatic in magnitude. Simple changes in appearance can effectively interfere with recognition of faces.
Two studies investigated recognition of pictures of faces, focusing on the effects of changes in appearance of the face from presentation to test and type of processing or encoding. Experiment 1 demonstrated that (a) previously seen faces changed in pose and facial expression were discriminated from "new" faces essentially as well as pictures identical at presentation and test; (b) major changes in the appearance of a face ("disguises") reduced recognition almost to the level of chance; and (c) subjects encoding faces in terms of personality characteristics showed better recognition performance than subjects whose processing was based on physical, facial features. Experiment 2 expanded on result (b), utilizing photographs with systematic variations in pose and in the presence/absence of glasses, wig, and beard. The design required subjects to learn names for target faces and then to identify those targets in a series of test photographs. The manipulations of pose and disguising features produced effects on probability of identification that were orderly and dramatic in magnitude. Simple changes in appearance can effectively interfere with recognition of faces.
When you encounter a face you have seen before, rarely if ever will the appearance of that face as a visual pattern be identical on the two occasions. Despite this fact, and although memory for faces has recently enjoyed some increased popularity as a topic for investigation, most studies have dealt only with identical pictures of a face at presentation and at test. Galper and Hochberg (1971) did determine that memory for a picture of a face carries some information about expression; and a number of studies have looked at the effects of transforming faces via inversion or photographic negative (for a review, see Ellis, 1975) . In general, however, there is little experimental evidence about the effects of realistic changes in appearance on recognition of faces. Experience tells us that some We wish to acknowledge the substantial assistance provided by D. C. V. Simmonds, whose excellent photography made these studies possible. Our thanks also to R. Milroy, who assisted in the analysis of Experiment 1, and to M. Woodhead, who participated in the planning of this research.
Requests for reprints should be sent to K. E. Patterson, MRC Applied Psychology Unit, 15 Chaucer Road, Cambridge CB2 2EF, England. variations in appearance may go essentially unnoticed (e.g., a different facial expression or a small change in hair style), whereas other variations may produce at least a temporary failure of recognition, even in a person you have seen many times.
Another issue in the study of memory for faces concerns the way in which the information in a face is encoded. Craik and Lockhart's (1972) influential paper on "levels of processing" has focused attention on this issue generally; Bower and Karlin (1974) have applied this notion specifically to memory for faces, showing that a judgment about the honesty or likeableness of the person represented in a picture leads to better recognition of that picture than a judgment about the sex of the person. A decision about honesty or likeableness presumably requires more extensive encoding of a face than does a decision about the sex of a person, and it is this deeper processing that is thought to underlie the superior memory performance. Warrington and Ackroyd (1975) , in a somewhat different approach, have also shown effects on face recognition as a function of encoding task. Questions about type of processing take on added interest in the context of changes in the appearance of a face. Since a face will almost inevitably be somewhat different when you see a person for the second time, at least in terms of its expression or the angle from which you view it, some important similarity between the two experiences must exist for recognition to occur. If certain kinds of processing emphasize those aspects that are relatively invariant across alterations in appearance, then such processing might reasonably be expected to enhance facial recognition.
The two issues delineated above were translated into the following experimental questions for Experiment 1:
1. How is performance in a recognition task affected when a picture of a face is changed from presentation to test? Two types of change were employed: (a) The person's actual appearance remained the same, but the test picture presented him in a different pose and with a different facial expression from the original picture; (b) the person's appearance was altered by such features as a different hair style, an added (or removed) beard, added (or removed) glasses, and so forth. The prediction was that identical pictures at presentation and test would produce better recognition than pictures that differed in any way, and further that more dramatic alterations in appearance would produce larger decrements in performance. This prediction would seem to be logical whether one believes that recognition is based on reinstatement of the stimulus situation (e.g., Melton, 1963) or reinstatement of cognitive operations (e.g., Kolers, 1973) .
2. How does recognition performance vary as a function of encoding strategy? Two types of processing were studied, emphasizing either facial features or personality characteristics of the person whose face was represented in the picture. Although Bower and Karlin (1974) have already demonstrated a levels-of-processing effect for faces, this question seems to warrant further attention for several reasons. First, it is frequently assumed (for example, in identification techniques used for criminal investigations, such as Identi-Kit or PhotoFit) that specific physical features are critically involved in the perception and recognition of faces. Bower and Karlin's experiment, which compared judgments of sex to judgments about personality, does not address this assumption. The possibility remains that subjects instructed to focus on physical features (such as shape of the face, distance between the eyes) might recognize faces as well as, or better than, subjects whose encoding was based on personality judgments. Second, even if the deeper processing involved in personality judgments does yield superior recognition of identical pictures, it is possible that an encoding based on personality characteristics will be more vulnerable to changes in appearance than an encoding based on facial features.
Two additional variables were included in this experiment: (a) list length and (b) similarity between targets and distractors. Both are known to influence recognition performance with stimulus materials other than faces, and the latter has been shown to affect recognition of a single target face (Laughery, Fessler, Lenorovitz, & Yoblick, 1974) . These factors consequently provide a basis for fitting our results into the context of previous findings on recognition memory.
Experiment 1

Method
Subjects, Subjects for this experiment were 36 female members of the Applied Psychology Unit subject panel, who were paid for their participation.
Materials. All pictures consisted of faces (or rather head and shoulders) of men, in black-andwhite slide form. There were two broad categories of people: young enlisted men from the Royal Navy (who were photographed at the Applied Psychology Unit) and professional but little-known actors (whose pictures were taken from Spotlight, a book of actors' photographs published semiannually in the United Kingdom). For the pictures of sailors, though no attempt was made to select similarlooking individuals, the interitem similarity can be considered fairly high due to the following factors: (a) The age of the men in question varied only from about 17-28 years; (b) they were photographed all wearing an identical black sweater; (c) none of the men was photographed wearing glasses; (d) though hair style is not strictly denned by military regula-tions, this population certainly shows a narrower range of styles than the general population; and (e) none of the men had a beard or moustache. There were no such common factors among the photographs of actors, which were consequently considered of low interitem similarity.
Within each of these two categories, the stimuli can be further characterized by the relationship between the appearance of a face at presentation and its appearance at test. For the sailors, all presentation photographs had a full-face pose and an unsmiling expression. At test, the picture of a to-berecognized sailor was either the same picture as at presentation or a picture with three-quarter-face pose and a smiling expression. These two types will be labeled identical and changed. It should be clear that the changed category involved no alteration in the features of a person's actual appearance, only a change in his pose and expression.
For the actors, the two categories of relationship between presentation and test pictures were identical and disguised. The former requires no explanation; the latter involved various kinds of alterations in appearance: changed hair style, addition (or removal) of beard and/or moustache, addition (or removal) of glasses. These so-called disguised pictures were available because some of the actors in the book used as our source provide two photographs, from different roles. No attempt was made to define the difference in appearance, either qualitatively or quantitatively; and the only selection criteria applied were the avoidance of (a) extreme, theatrical appearances that would stand out in a series of ordinary-looking people and (b) drastic alterations in appearance that made it difficult to determine that the two versions were in fact the same person, even when held side by side. This latter criterion should not, however, give the impression that we are dealing with small changes of detail: A man's appearance in disguised form was genuinely different from his appearance in the original photograph.
Design and procedure. The three variables of interest were processing instructions (two levels, between-subjects), list length (two levels, withinsubjects), and stimulus type (four levels, withinsubjects).
Processing instructions focused the subject's attention on either facial features or personality characteristics, with 18 subjects per condition. Subjects were required to rate each face on four S-point scales relevant to either features or personality, the scales being identified by their end points. For the features condition, the rating scales included (a) small noselarge nose, (b) thin lips -full lips, (c) eyes close together -eyes far apart, and (d) round face -long face. For the personality condition, the rating scales were (a) nice -nasty, (b) reliable -unreliable, (c) intelligent -dull, and (d) lively -stolid. Subjects in both conditions were told that judgments of the kind they were to make might help them to recognize the faces on the test, and it was emphasized that these were subjective judgments with no "right" answers. The presentation series appeared on a screen, one face at a time, each for 28 sec; during that time, the subject rated the face on all four of the appropriate scales, by circling numbers from 1 to 5 on response sheets.
Each subject was presented with two lists or sets of faces, one consisting of 6 faces and the other of 24. There were two separate lists of 24 different faces, List A and List B, with Set Size 6 comprising a subset of Set Size 24. As is typical in this kind of design, some confounding was inevitable because if a subject received List A with Set Size 24, then she had to receive List B for Set Size 6; and further, if she had Size 24 first in the test session, then she had to have Size 6 second. There were thus four combinations (24-A followed by 6-B, 24-B followed by 6-A, 6-A followed by 24-B, and 6-B followed by 24-A), which when added to the variable of processing instructions (features or personality) yields eight testing groups. Subjects within one group were tested together.
As described in the section on materials above, there were four types of stimuli, as defined by (a) the relationship between the appearance of a person's face at presentation and the appearance of his face at test and (b) the general similarity of the person's appearance to that of other faces in the list. The four types (in descending order of expected recog-
There are obviously some possible combinations missing from this set, but this was not intended to be a parametric study. Since changed faces came only from the similar set and disguised faces only from the dissimilar set, these types will be referred to simply as changed and disguised. It should perhaps be reiterated that reference to a picture at presentation as identical, changed, or disguised takes account of the subsequent appearance of that person at test. Subjects, of course, had no idea which stimulus pictures belonged to which of these categories. They were, however, instructed about the nature of the categories and were shown a sample study and test photograph for each category.
Stimulus type was a within-list variable. Each list or target set was composed in the following proportions: one sixth identical (dissimilar), one sixth identical (similar), one third changed, and one third disguised. Thus for Set Size 6, the number of stimuli representing these four types, respectively, was one, one, two, two. For Set Size 24, the corresponding numbers were four, four, eight, eight. The order of the stimuli within a list was randomized.
Test lists for the yes-no recognition test consisted of all of the target faces plus twice as many distractors. Thus, test lists for Set Size 6 contained 18 faces and for Set Size 24 contained 72 faces, with target probability constant at .33. Half of the distractors were faces from the similar set and the other half were of the dissimilar type. Further, half of the similar distractors were in full-face pose with unsmiling expression and the other half in three-quarter-face pose with smiling expression. This latter manipulation was necessary because targets of the identical (similar) type were full face and unsmiling at the test, whereas targets of the changed type were three-quarter face and smiling at test. The pictures for the test lists were arranged such that each half of each test list contained half of each type of target and half of each type of distractor; within this constraint, the order of pictures was randomized.
Subjects were tested in eight small groups, half with four members and half with five members. Testing was carried out in a large, dimly lit room, with subjects seated in a. row about 3-4 m from the screen on which the slides were projected. Before presentation of the first target list, instructions were given regarding the rating task (features or personality) and the number and nature of the faces to be studied for subsequent recognition. The slides were then shown (28 sec per face) and subjects carried out the rating task. The interval between presentation and test was approximately 4 min, during which time the rating sheets were collected, the recognition sheets provided, and the test instructions given. Subjects were told the length of the test list and were reminded that since a target would often reoccur with changed appearance, the decision must be "not have I seen this exact picture before, but rather have I seen a picture of this person before?" The recognition test consisted of a binary recognition decision plus a confidence rating. For each test picture, the subject circled either yes or no and circled one of the three words certain, probable, possible. The presentation rate of the test series was 10 sec per slide.
After the test on the first list, subjects were given a few moments to relax, and the experiment then proceeded to the second list. Subjects were informed that the second list would contain all new faces, that it would be different in length from the first list (6 if the first had been 24, or vice versa), and that in all other respects the procedure would be identical.
Results and Discussion
Recognition performance was analyzed in terms of hit rates, false-positive rates, and d' values. Because many of the relevant variables affected false-positive rates in addition to or instead of hit rates, a measure like d' that incorporates the two seems most appropriate. It should be mentioned that when the data were analyzed separately for the different types of stimulus faces (particularly with List Length 6), a number of subjects showed hit rates of either 1.0 or 0 for some of the types and occasionally even false-positive values of 1.0 or 0. This problem was handled by converting rates of 1.0 to .99 and rates of 0 to .01 and assigning d' accordingly.
A general pattern of results will be sketched in first, followed by a closer look at each of the experimental questions. The data were subjected to a four-way analysis of variance, where the four factors were type of processing, list length, stimulus type, and a factor corresponding to the combination of list (A or B) and order (first or second in the test session). This latter factor was not significant in any of the analyses. Considering only d' for the moment, each of the other three factors yielded a significant main effect. Encoding faces in terms of personality characteristics produced better recognition performance (mean d' = 1.94) than encoding based on facial features (d 1 = 1.50), F(l,32) = 7.28, p < .02. List Length 6 produced better discriminability (d' = 2.00) than List Length 24 (mean d' = 1.44), ^(1, 32) = 23.9, p < .005. And stimulus type was a highly significant source of variance, F(3,96) = 48.06, p < .005, with the following mean d' values: identical (dissimilar) (that is, where the target face was an actor and the photographs were identical at presentation and test) d' = 3.00; identical (similar) (photographs of sailors, unchanged from presentation to test) d' = 1.67; changed (photographs of sailors, changed in pose and facial expression between presentation and test) d' = 1.66; disguised (actors with real changes in appearance) d' = .58. Apart from the three significant main effects in the analysis of variance, there was one significant two-way interaction, between list length and stimulus type, F(3, 96) = 4.88, p < .01. An increase in list length produced lower performance for all stimulus types, but this decrement was larger for changed targets than for any of the other types. None of the remaining interactions was significant.
The hit rates, false-positive rates, and d' values for each combination of variables appear in Table 1 . The experimental questions outlined in the introduction will now be taken up in turn.
How is performance in a recognition task affected when the picture to be recognized Galper & Hochberg, 1971) ; but in this situation they did so only as a characteristic of targets in general rather than as part of the code for specific faces. Thus, if a test photograph had the same pose and expression as the original pictures, it was more likely to be called "old" whether it was a target or a distractor. This might seem a logical strategy in a design where pose and expression of all original pictures is similar, though subjects were instructed that a number of the targets would be changed on these dimensions between presentation and test. By contrast, and perhaps not surprisingly, recognition performance was dramatically affected when test photographs of the targets included a changed hair style, added (or removed) beard, and so forth. The relevant data here come from identical (dissimilar) and disguised. The false-positive rate for these two conditions is the same, since in this particular experimental design it was not possible to have separate sets of distractors for these two classes of targets. The overall hit rate dropped from .98 to .45 in response to the disguise manipulation; d' dropped from a mean of 3.00, which represents very good discriminability, to .58, which is approaching chance performance. Disguises thus interfered quite effectively with recognizing faces, even in a situation in which subjects had a reasonably long time for original encoding of the faces (28 sec each).
How does recognition performance vary as a function of encoding strategy? The mean hit rate for subjects who judged facial features (combined over all stimulus types and both list lengths) was .76, while the hit rate for subjects making personality judg-ments was .82. The superiority of the personality group falls just short of statistical significance, F(l, 32) = 3.32, .05 < p < .10. The personality group also showed a somewhat lower false-positive rate than the feature group (.36 vs. .40), which (while a nonsignificant difference on its own) when combined with hit rates to yield d' values produced the significant processing effect referred to above (d r -1.94 vs. 1.50). Making judgments about the personality of a person in a photograph thus resulted in somewhat better ability to discriminate between targets and distractors than did analysis of the person's physical facial features.
This levels-of-processing effect is not as striking in magnitude as that obtained by Bower and Karlin (1974) , which is understandable since specific feature judgments must involve more extensive processing of a face than a decision about the sex of a person. The important point is that the basic pattern of results is in agreement with Bower and Karlin's finding; our results clearly do not implicate analysis of facial features as a critical or optimal basis for face recognition. Finally, it is not really possible to evaluate our tentative notions about type of encoding in the context of changes in appearance; one type of change produced negligible effects on recognition performance, whereas the other virtually eliminated recognition. Given the lack of a statistical interaction between type of processing and stimulus type, we can probably abandon the notion that feature processing might subserve better recognition of faces with changed appearance.
We have interpreted the difference between personality and feature encoding in terms of deeper processing engendered by the former. It is possible, however, that this difference would be better conceptualized by an alternative (though not incompatible) notion: Perhaps personality ratings directed attention to the face as a whole, whereas feature ratings emphasized isolated segments. The whole-versus-parts explanation seems unlikely to suffice, given that faces are probably seen as integrated units whatever the instructions, and given also that face shape (one of the feature ratings) seems something more than an isolated segment. But we acknowledge that the critical difference between our two encoding groups remains unspecified.
How is facial recognition affected by variables known to influence performance with other sorts of materials? Increasing list length, for example, produces lower levels of recognition performance with words (Murdock & Anderson, 1975) . In the present study, lists of 24 faces showed a slightly lower hit rate (.78) than lists of 6 (.81), but this difference failed to reach significance, F(l, 32) = 1.72, p > .10. On the other hand, list length was a significant source of variance both for false-positive rate (.41 for 24 vs. .35 for 6), F(l, 32) = 7.44, p < .02, and, as already mentioned, for d'. Increasing the size of the target set thus produced a reliable decrease in subjects' ability to discriminate between previously seen and new faces.
The extent to which target and distractor items are similar or belong to common categories is known to influence both recognition of words (Mandler, 1972; Rabinowitz, Mandler, & Patterson, in press) and, more germane to the present context, recognition of complex pictures (Mandler & Johnson, 1976) . The effect of interitem similarity here can be assessed by comparing identical (dissimilar) and identical (similar). There was a marginal difference between hit rates (probably attenuated by a ceiling effect), .98 for actors versus .91 for sailors, *(96) = 1.84, p < .05. A very substantial difference in false-positive rates (.29 for dissimilar vs. .55 for similar), however, when combined with the difference in hit rates, indicates that discrimination between old and new faces was substantially less accurate for similar photographs (mean d' = 1.67) than for dissimilar photographs of faces (d 1 -3.00). As a cautionary note to this conclusion, it should be emphasized that no ratings of similarity were taken here. Our classification rests merely on the assumption that relative homogeneity of age, hair style, dress, presence of accessories (glasses, beard, etc.) , and general style of photographs (lighting, pose, etc.) yields higher interitem similarity than relative heterogeneity of these factors. The possibility remains that some other difference between the photographs of sailors and those of actors might alternatively or additionally account for the obtained effect. Similarity seems the most plausible explanation, however, especially since Laughery et al. (1974) have found strong similarity effects in a series of studies requiring recognition of a single target face.
The possibility has often been raised that faces may be handled by the cognitive system in a way that is physiologically or strategically distinct from the processing of other sorts of material (see Ellis, 1975 , for a review). This experiment does not, nor could it, offer any conclusive evidence on this issue. What it does show is that in terms of the vulnerability of memory to the influence of variables like list length and similarity, faces do not appear to belong in a class by themselves.
A few additional aspects of the data should be mentioned. First, there was a noticeably high overall rate of false positives. Although the ratio of distractors to targets in the test lists was 2:1, and was specified as such in the test instructions, the subjects seemed to be operating on closer to a 1:1 response criterion. We had selected a target probability of .33 as a compromise between the standard figure of .5, which seems so far removed from the frequency of recognizing people outside the experimental situation, and the procedure used by Laughery and his co-workers (e.g., Laughery, Alexander, & Lane, 1971 ) of embedding one target face in a long test list, which is more realistic but also more expensive as a data-gathering procedure.
Confidence ratings in recognition were collected and analyzed but do not contribute much information on the questions of interest. Considering possible as 1, probable as 2, and certain as 3, we found the typical overall difference between mean confidence of hit responses (2.49) and falsepositive responses (2.04), indicating that subjects have more information in a recognition task than is revealed by a simple yes-no decision. The only experimental variable that produced notable effects on confidence ratings was disguise: Mean confidence of hits on identical actors was 2.90, whereas confidence for hits on disguised actors was 2.02. The latter figure is indeed scarcely higher than the mean confidence of false-positive responses to actors, 1.90. In other words, subjects not only failed to recognize many targets of the disguised set but also expressed low confidence in their responses when they did correctly recognize targets of this type.
Finally, with regard to generality of the obtained results, while the subjects described here were all female (though with a wide range of ages and backgrounds), the experiment has also been carried out with 16 young enlisted men as subjects. Their data have not been fully analyzed and reported because unfortunately some of the test subjects knew some of the photographic subjects. Enough data were obtained in this replication, however, to establish that the results with male subjects did not differ in any important way from the pattern delineated here.
Experiment 2
Experiment 1, while showing that disguises are effective, does not permit conclusions about the sort of change that produces an effective disguise. The two different photographs of an actor often involved concurrent changes in many factors, such as lighting, makeup, even age (that is, in some cases the two photographs had been taken several years apart), as well as hair styles, beards, and so forth. Experiment 2 was designed as a first step in evaluating the basis of an effective disguise and involved production of our own photographs, so that specific aspects of appearance could be systematically altered.
Experiment 2 also provided a vehicle for incorporating another, and largely ignored, aspect of face recognition. Virtually all studies in the literature have asked the subject to answer the question "Have you seen this face before?" When recognizing faces outside the laboratory, however, you do not determine merely that you have seen a face before; you decide whose face it is. In this experiment, we switched from a recognition paradigm to an identification procedure, where subjects learned names for target faces; at test they responded "no" to an unfamiliar face and responded with a name for a familiar face.
Method
Subjects. Sixty-two female members of the Applied Psychology Unit's subject panel participated in this experiment; none had been tested in Experiment 1.
Materials. A series of photographs was taken of each of 10 men, 5 enlisted men from the Royal Navy (all approximately in their early 20s) and 5 members of a local amateur dramatics group (ranging in age from early 30s to mid-60s). The series consisted of three different views or poses (full face, three-quarter face, profile; all head and shoulders only) in each of eight versions of appearance: (a) natural, (b) with glasses (if a man normally wore glasses, they were removed for the "natural" version), (c) with a wig, (d) with glasses and wig, (e) with a beard, (f) with glasses and beard, (g) with wig and beard, (h) with glasses, wig, and beard. Pose and version combined thus yielded 24 photographs, which were made into black and white slides. Five wigs were hired from a theatrical wardrobe supplier, and the most appropriate-looking one (in terms of color, hair length) was selected for each man. Beards (which always included both beard and moustache) were created individually for each man out of commercially obtained crepe hair, attached by a combination of spirit gum and double-sided tape; again, in terms of color and style, the attempt was to produce as normal an appearance as possible. The general style of all photographs was the same with regard to lighting, background (plain white), and facial expression (unsmiling).
Design. Two target sets (A and B) of five men each were created from the total set of ten; A included three sailors and two actors, B was comprised of two sailors and three actors. For each target, one of the eight versions of appearance was selected at random to be the study version; within each target set, however, this selection was without replacement. These study photographs were all in full-face view. Subjects studied either Set A or B, and were "introduced" to the five men, each with a name. The same five names, selected from a telephone directory, were used for both target sets: Gordon Davis, Andrew Williamson, Duncan Harvey, Howard Foster, Peter Jessop. Subjects saw the five study photographs several times and learned the name for each.
The recognition, or rather identification, test presented a series of 80 slides, consisting of all 8 versions of all 10 men. For subjects who had studied Target Set A, then, the 40 pictures of Target Set B served as distractors, and vice versa. In the case of both targets and distractors, half of the test photographs were in three-quarter view and half in profile view. Thus, although subjects saw 8 test photographs of each target face they had studied, 1 of which was the same version of appearance as the study photograph, none of the actual study photographs (all full face) appeared in the test series. Pose was combined with version for each man by assigning either three-quarter or profile to the "natural" version and then alternating between the 2 views in regular progression through the 8 versions. For the test, two different random orders of the 80 slides were prepared, with the following restrictions: (a) Two photographs of the same man did not appear in immediate succession; (b) each half of the test list contained roughly half of the pictures of each man, the split being either 3-5, 4-4, or 5-3. Each of the two test orders was given to half of the subjects who had studied Target Set A and half of those studying Set B.
Procedure. Subjects were tested in four groups (of approximately IS each) corresponding to the four possible combinations of target set and test order. Subjects were first instructed that they were to learn names for five men; the names were on a blackboard at the front of the room, so that performance would not suffer from an inability to retrieve a name. The series of five target faces was then shown a total of six times, in different random orders, with each face on view for a total of about 45 sec over the six exposures. The first two times through the set, subjects sat silently while the experimenter called out the name for each target; for the third and fourth exposures of the set, subjects were asked to call out the names; on the fifth run, subjects were instructed to name each face silently; and the final exposure was like the first two.
Before the main identification test, subjects were given a preliminary test to assess their ability to name the actual study photographs. A sequence of 10 slides was shown (each target appearing twice, pictures identical to those studied) in a random order so that, at least until the 10th, identification could not be done purely by elimination. Subjects wrote a name for each photograph on a sheet of paper numbered 1-10.
For the main test, subjects were given a small 8-page booklet, each page having 10 lines; on each line was printed the five full names plus the word none. Instructions described the nature of the photographs, including the facts that they would be three-quarter and profile poses instead of full face, that the appearance of the target faces had been changed in various ways, and that there would be multiple photographs of both targets and distractors. For each slide, subjects were to underline one of the five names or the word none on the appropriate line.
The timing of the test was designed to provide a short exposure time for the faces without putting unnecessary time pressure on responding. The 80 test slides were arranged in two Carousel magazines with a blank after each slide. A timer attached to the projector exposed each test slide for a duration of 2 sec from the onset of the slide to onset of the following blank (about 1.3 sec actual viewing time) ; after presentation of each slide, the timer was switched off and subjects were given a comfortable 6 sec (approximately) in which to make their responses. At the end of the response period, the experimenter called out "ready" to ensure that attention would be on the screen when the next slide appeared. Data analysis. Four of the 62 subjects had to be discarded for failure to carry out the procedure properly; 1 never used the response none, and the remaining 3 left too many items blank to provide reasonable data. Of the remaining 58 subjects, 45 performed perfectly (10/10) on the preliminary identification of study photographs. Although it makes for a rather high rate of attrition, we decided to include only these 45 subjects in the analysis of the main identification test. If a subject could not identify a target from an identical and thoroughly studied photograph, interpretation of the effects of changes in appearance and pose on identification would be considerably more ambiguous.
Due to the rather small number of targets, our strategy was to analyze the effects of change in each element (glasses, beard, wig) and the various combinations of elements without regard to the direction of change (adding vs. removing). With this approach, all target faces contribute to evaluating the effect of each type of change.
Results and Discussion
The data on probability of correct identification of target faces were subjected to a five-way analysis of variance, with the following five factors: pose (three-quarter or profile), glasses, wig, beard (unchanged or changed, for each of these three), and group (the four combinations of two different target sets and two different test-list orders). The effect of this last factor did not approach significance (F < 1), and consequently all data presented will be combined for the two target sets and the two test orders. Three of the four main variables produced large and straightforward effects; the fourth, glasses, had a rather inconsistent effect that tends to complicate a picture of surprising simplicity in other respects.
Concentrating on that simplicity for the moment, Figure 1 presents the probability of correct identification as a function of pose, wig, and beard. The data here have been combined over the glasses variable, such that the top line reflects performance on photographs with no change in appearance plus those with a change in glasses, the next line includes both change in wig only and change in wig and glasses, and so on. Figure 1 shows that the changes in appearance and pose investigated here produced dramatic variations in level of performance, from 90% correct identification under the best conditions to 30% under the worst. The major results, illustrated by Figure 1 and substantiated by the analysis of variance, are: (a) The probability of correctly identifying a target in threequarter pose (overall mean = .65) was consistently and significantly greater than for profile pose (mean = .50),F(1,41) = 46.79, p < .001. (b) Probability of identifying a target was substantially higher with unchanged hair style (overall mean = .67) than when a wig had been added or removed (mean = .49), F(\, 41) = 68.52, p < .001. (c) For the largest main effect, photographs unchanged in presence or absence of a beard were much easier to identify (.69) than those changed on the beard variable (.47), /?(!, 41) = 94.42, p < .001.
(d) None of the interactions among these three variables was statistically significant.
Of the 24 possible interactions in a fiveway analysis, 3 did reach significance. A two-way interaction of pose and group, F(3, 41) = 8.26, p < .01, indicates that the decrease in correct identification from threequarter view to profile was stronger for Target Set A than for Set B. The other significant interactions were both threeway : a substantial Pose X Glasses X Beard effect, F(l, 41) = 11.74, p < .001, and a marginal Glasses X Wig X Beard effect, F(l, 41) = 4.47, p < .05. Both of these interactions involve glasses, which we shall now consider.
A more complete version of the results is provided in Table 2 , in which the effect of the glasses variable can be inspected by comparing vertical pairs of values in the first two columns of the table. First, it should be stated that there was a significant main effect of glasses: Target photographs unchanged on this variable were identified more readily (overall mean = .61) than those with a change in glasses (.54), F(l, 41) = 13.71, p < .001. As Table 2 and the statistical interactions reveal, however, while the effect of glasses may have been significant, it was not consistent. For example, a change in glasses alone produced no effect at all for three-quarter view but a substantial reduction in identification for profile. And while adding a change in glasses to a change in either beard alone or wig and beard caused a further decrement in performance, a parallel decrement did not occur when a change in glasses accompanied a change in wig. Table 2 also records the number of observations on which the data on correct identification are based. The combination of two design features, (a) systematic alternation between three-quarter and profile as each target changed from normal appearance through glasses-wig-beard and (b) random selection of the study version of appearance for each target, yielded an unequal number of observations for the various conditions. The total number for each version of appearance, that is with three-quarter and profile combined, was always 225, corresponding to five targets for 45 subjects. We have presented data only for correct identifications, and some other general characteristics of performance should be mentioned at least briefly. Failure to identify a target photograph correctly could constitute either a misidentification (a wrong-name response) or a miss (a "none" response). Both types of errors occurred, though misses were twice as frequent (.28 overall) as misidentifications (.14). For distractor photographs, the overall falsepositive rate (assigning a target name to a distractor) was .30, and the remaining 70% of distractors were correctly called "none." Anecdotally, it might be noted that falsepositive and misidentification responses to certain distractors and targets showed a striking degree of intersubject concordance, suggesting that the sort of misidentification (even by multiple witnesses) that sometimes occurs in criminal cases may be reproducible in the laboratory.
Regarding the effects of pose, the results of Experiments 1 and 2 together suggest that when a face has been studied in fullface view, a change to three-quarter view has little if any effect on recognition, whereas a change to profile view makes recognition more difficult. Changing pictures from full face to three-quarter did affect performance in Experiment 1, but it was an effect on criterion rather than discriminability: Subjects were generally more likely to respond "old" to full-face pictures formance was reliably (though not greatly) inferior to recognition following personality judgments. Further, the features we selected are among the putative set of features critically involved, according to an approach like Identi-Kit or Photo-Fit, in face recognition. Our results therefore suggest that, should we ever find an optimum strategy for encoding faces, analysis of individual features is unlikely to be its focus.
